Five parents of eggplant were crossed in a diallel cross and evaluated in 2008 to study genetic components for some eggplant traits; i.e., plant height, branch number /plant, early fruit number, fruit weight / fruit in early yield, early yield / plant, total fruit number, fruit weight / fruit in total yield and total yield / plant.
INTRODUCTION
Eggplant (Solanum melongena L.) occupy a position of considerable value because of its importance in the agricultural economy. The importance of eggplant as a vegetable in human diet needs no emphasis. Edible fruits of eggplant are consumed by many ways.
Genetically studies; i.e., estimation of genetic parameters, and estimates of gca and sca are valuable for plant breeder, when planning a breeding program.
High heritability values were recorded for plant height and branch number per plant by Mehrotra and Dixit (1973) , Borikar et al. (1981) , Kalda et al. (1988) and Vadivel and Bapu (1989) , for fruit number per plant by Hiremath and Gururaja (1974) , Dharme Gowda et al.(1979) , Salehuzzaman and Alam (1983) , Kalda et al. (1988) , Damnjanovic et al. (2002) and Mahaveer et al. (2004) and for average fruit weight and fruit yield per plant by Gill et al. (1976) , Chung et al. (2003) and Omkar and Kumar (2005) . In addition high heritability accompanied by high estimates of genetic advance (Mehrotra and Dixit, 1973; Bhutani et al., 1977; and Kalda et al., 1988) Chaudhary (1999) found both combining and component analysis showed presence of additive and non-additive gene effects with preponderance of latter. The mean degree of dominance indicated over-dominance for all traits, except fruit weight. Dominant and recessive alleles were symmetrically distributed among the parents for yield / plant and fruit weight, while were not symmetrical in the parents as indicated by the ratio H 2 /4 H 1 , which was lower than 0.25 for fruit weight trait (Damnjanovic et al., 2002) .
Therefore, present study on eggplant aimed to get information about the inheritance, genetic parameters for some important traits in eggplant using diallel cross system.
MATERIALS AND METHODS
Present study was carried out during four early summer growing seasons of 2006; 2007, and 2008, at El-Khattara Experimental Farm, Faculty of Agriculture, Zagazig University, Egypt. This work was initiated to study the performance of some eggplant genotypes through 5×5 diallel cross system without reciprocals. The five eggplant cultivars used were; SBI-1.1 (P1), SBI-3.3 (P2), SBI-10.13 (P3), , and VS.1.13.19.1 Spain (P5). The cultivars growth habit are presented in Table 1 . The 10 hybrids with 5 parents were planted in a completely randomized block design with 4 replications. Hand pollination was done to produce F1 seeds during 2005 and 2006. The entries in each replication consisted of 22 plants, planted at a spacing of 50×100 cm. The observations were recorded for plant height, branch number / plant, early yield / plant and its components, and total yield / plant and its components. 
Statistical analysis:
Estimation of genetic parameters for all the suggested traits, using the Hayman , s approach; followed the theory of diallel, which was developed by Jinks and Hayman (1953) , Jinks (1954) and b and 1957) using Mather and Jinks (1971) concept of D and H components of variation. The second degree statistical variance and covariance were used for preparing two-quarter graphics (Wr / Vr).
RESULTS
Analysis of genetic components of diallel cross system (5×5) in eggplant was run, according to Jinks and Hayman (1953) , Jinks (1954) and a, b, and 1957 ) using Mather and Jinks (1971 concept of D and H components of variations, for growth traits, early yield / plant, and total yield / plant. The distribution of dominant and recessive genes among the parents can be shown from the order of the array points along the regression line (Wr / Vr graph). These results will be presented under the following topics.
Genetic components:

Growth traits
Data presented in Table 2 , showed insignificant t 2 for both growth traits; i.e., plant height and branch number/plant. It indicates the uniformity of Wr,Vr and the validity of assumptions made by Hayman (1954 a & b) . NS, * and **: Insignificant, significant and highly significant at 5% and1% levels of probability, respectively.
The additive genetic component of variation (D) for both growth traits was highly significant, indicates the role of additive in the inheritance of both traits. The two dominant components (H 1 and H 2 ) were highly significant for plant height and insignificant for branch number / plant, respectively, indicate the role of dominance in the inheritance of plant height, but not so in branch number / plant.
Values of Fr for both traits (Table 2) , were positive, and asymmetrical gene distribution was also observed. Since the values of H 2 / 4 H 1 were 0.20 for plant height and 0.21 for branch number/plant, both values did not reach maximum gene distribution (0.25).
Inheritance of plant height was over-dominance for plant height (its degree of dominance, [(H 1 /D) 1/2 > 1]) and partial dominance for branch number / plant [(H 1 /D) 1/2 < 1]. The dominance effect overall luci (h 2 ) was positive and highly significant for plant height and was negative and insignificant for branch number / plant.
The correlation (r) between Wr+Vr and Yr i had negative value and the parent containing most dominant gene was P 5 (VS.1.13.19.1 Spain), since it had the lowest value of Wr + Vr for plant height. For branch number / plant P 2 (SBI-3.3) had most increasing genes ( Table 5 ).
The heritability (h 2 n.s.) was 5.21% for plant height and 22.93% for branch number / plant.
Early yield traits
Data presented in Table 3 , showed insignificant t 2 for early yield traits. It indicates the uniformity of Wr, Vr and the validity of assumptions made by Hayman (1954 a and b) . Except early yield / plant, which had highly significant value, indicates that Wr, Vr were not uniform.
The additive genetic component of variation (D) for early fruit number and weight of fruit were highly significant, indicates the role of additive in the inheritance of both the traits. The two dominant components (H 1 and H 2 ) were highly significant for both the traits, except H 2 for early fruit weight/fruit which was insignificant, indicates the role of dominance in the inheritance of early fruit number, but not so in early fruit weight and early yield. Insignificant h 2 was observed for the above mentioned traits, but it was positive for early fruit number and negative for fruit weight/fruit, indicates dominant and recessive effects over all loci in both traits, respectively. dominance for early yield [(H 1 /D) 1/2 < 1]. The dominance effect overall luci (h 2 ) was positive and insignificant for early fruit number and early fruit weight / fruit.
The correlation (r) between Wr + Vr and Yri for early fruit number had positive value and the parent containing most dominant genes was P1 (SBI-1.1), since it had the lowest value of Wr + Vr (Table 6) .
For early fruit weight / fruit the correlation (r) had positive value and the parent containing most dominant gene was P5 (VS.1.13.19.1 Spain), since it had the lowest value of Wr + Vr (Table 6 ). The heritability in narrow (h2ns) was 11.48% for early fruit number and 26.02% for early fruit weight / fruit. For early yield /plant (Table 3) , data indicated that the estimated genetic parameters were not dependable, since t 2 value was significant and invalidity of the assumptions made by Hayman (1954 a and b), and its gene distributions reach 0.61, more than its maximum values. So that, inspection was made by removing one parent from the analysis. Results in Table 3 , after removing P 4 (SBI-11.14), showed insignificant t 2 . It indicates the uniformity of Wr, Vr and the validity of assumptions made by Hayman (1954 a & b) for four parents inspects. D, H1 and H2 (Table 3) , were highly significant, indicating that additive and dominance variances play a considerable roles in the NS, * and **: Insignificant, significant and highly significant at 5% and1% levels of probability, respectively. inheritance of early yield trait. Value of Fr for early yield / plant, after removing P 4 , was positive, and asymmetrical gene distribution was also observed, since the value of H 2 /4 H 1 was 0.16. It indicates that most of the expression coming from dominant genes.
Inheritance of early yield / plant, after removing P 4, was overdominance (its degree of dominance, [(H 1/D) 1/2 > 1]). The dominance effect overall luci (h 2 ) was positive and highly significant. The correlation (r) between Wr + Vr and Yr i for early fruit number had positive value, and the parent containing most dominant genes was P 1 (SBI-1.1), since it had the lowest value of Wr + Vr f or early yield after removing P 4 .
The heritability (h 2 n.s.) was 13.80% for early yield trait after removing P 4 .
Total yield traits
Data presented in Table 4 , showed insignificant t 2 for total fruit number /plant, fruit weight / fruit and total yield / plant. It indicates the uniformity of Wr,Vr and the validity of assumptions made by Hayman (1954 a & b) .
The additive genetic component of variation (Table 4 ) for total yield and its components were highly significant, indicates the role of additive genetic variance in the inheritance of these traits. The two dominant components (H 1 and H 2 ) were highly significant for all traits indicates also the role of dominance in the inheritance of yield traits.
Values of Fr for all traits (Table 4) , were positive and highly significant for total fruit number and fruit weight/ fruit, and values of h 2 for both traits were positive, indicates the role of dominance in all the parents and crosses. Both traits also showed asymmetrical gene distribution, since the values of H 2 /4 H 1 were 0.16 for total fruit number and 0.15 for total fruit weight. Both traits showed over-dominance in their inheritance. Heritability (h 2 n.s.) for fruit number and fruit weight were moderate.
The correlation (r) between Wr + Vr and Yr i for fruit number had positive value and the parent containing most dominant genes was P 1 (SBI-1.1), since it had the lowest value of Wr + Vr (Table 7) .
For fruit weight / fruit, the correlation (r) was negative and the parent containing most dominant genes was P 1 (SBI-1.1), since it had the lowest value of Wr + Vr for fruit weight / fruit (Table 7) .
For total yield/plant (Table 4) , D, H 1 and H 2 were highly significant, indicating that additive and dominance variances play a considerable role in the inheritance of total yield / plant. For total yield value, when rounded, will be equal zero, that is logic value for total yield, since it had equal gene distribution was observed (H 2 /4 H 1 = 0.25), h 2 was highly significant and positive. The degree of dominance was equal to unity, since the b for regression was insignificant from unity. These parameters, indicated that total yield, as a quantitative trait, the dominant and recessive alleles had equal gene distribution in both directions. Heritability (h 2 n.s.) was relatively high for total yield / plant and the correlation between Wr + Vr and Yr i was negative indicating that P 4 and P 3 had most dominant genes because they showed the lowest Wr + Vr values in this array (Table 7) .
Wr / Vr Graph:
Growth traits
The relation of Wr with Vr (Table 5 and Figures 1 & 2) for plant height and branch number / plant, respectively, showed that their b (slope) were positive and insignificant for both traits. For plant height (Figure1), the regression line intersect Wr below the origin and its "a" value was negative and significant from zero, indicating that the trait was under control of over-dominance. The parents that had most dominant genes were P 5, P 3 and P 1 and that had most recessive genes was P 4 . For branch number / plant (Figure 2) , intersection point was below the origin. However, its "a" value was negative and insignificant, indicating that the "a" value did not differ from zero point. So that, this trait was under control of complete dominance. The parent P 2 had most dominant genes, while P 3 and P 1 parents had the most recessive genes.
Early yield traits
The relation of Wr with Vr (Table 6 and Figures 3, 4 and 5) for early yield traits showed that their b (slopes) were negative for individual fruit weight and early yield, but it was positive for early fruit number.
For early fruit number (Figure 3) , the regression line intersect Wr below the origin, so that the trait under control of over dominance, this result was conformed by significant and negative "a" value. The parents that had most dominant genes were P 2 , P 1 and P 3 ; and that had most recessive genes was P 4 . For early fruit weight / fruit (Figure 4) , intersection point was above the origin. Its "a" value was positive and insignificant, so that this value "a" did not differ from zero point. The parent P 2 had most dominant genes, while the parents P 3 and P 4 had the most recessive genes.
For early yield / plant ( Figure 5 ), convex b slope had insignificant negative value, and two out of the five parents fall outside the parabola. Such results conformed invalidity of the assumptions of diallel analysis derived from significant t 2 . By inspection, retrying and analysis of the diallel cross system by removing one parent to fulfill the uniformity of Wr, Vr and the validity of the assumptions. By removing P 4 (SBI-11.14) the rest parents were fall inside the parabola and fulfill and the validity of the model (Fig. 6 ).
Wr/Vr graph ( Figure 6 ), indicates positive insignificant b value, and the b slope intersect Wr below origin, since "a" was negative and significant from zero; this indicated that, the trait was under control of overdominance. It also showed that most of dominant and recessive genes were presented in P 1 (SBI-1.1) and P 5 (VS.1.13.19.1 Spain), respectively.
Total yield traits
The relation of Wr with Vr (Table 7 and Figures 7, 8 and 9 ) for total yield traits showed that their b's (slope) were positive and insignificant for total yield and its components. For total fruit number (Figure 7) , the regression line intersect Wr below the origin and its "a" value was negative and significant, so that the trait was under the control of over-dominance. The parent that had most dominant genes was P 3 and that had most recessive genes was P 4 .
For fruit weight /fruit (Figure 8) , intersection point was below the origin, so that the trait was under the control of over dominance. The parent P 2 had most dominant genes and that had the most recessive genes was P 4 . For total yield / plant (Figure 9 ), intersection point was near to the origin and its "a" value was insignificant from zero, so that the trait under control of complete dominance. The parent that had most dominant genes was P 4 and that had most recessive genes was P 5 .
DISCUSSION
From the analysis of 5×5 diallel crossing system in eggplant, and testing the hypothesis proposed by Hayman (1954 a and b) , non significant t 2 values for all the studied traits (Tables 2 and 3) , except early fruit yield (t 2 was insignificant). For the former traits, these results supported the assumptions underlying this analysis. For the later trait (early fruit yield), by removing P 4 and reanalysis by 4×4 diallel, t 2 was found insignificant indicating the validity of hypothesis under this situation (Table 3 , Col. 4). Similar results were reported by Peter and Singh (1974) and Gulam-ud-din et al. (1999) .
Growth traits
The additive component (D) for plant height and branch number/ plant was highly significant. It was less than H 1 and H 2 for plant height and higher than H 1 and H 2 for branch number/plant, indicating the role of dominance and additive genetic components in the inheritance of both the traits, respectively. Moreover, plant height and branch number, according to the degree of dominance, were under over-dominance (1.77) and partial dominance (0.84), respectively. The value of the additive component of variance (D) was higher than H 1 and H 2 , indicating that the main part of the genetic variance belonged to the additive gene effect. (Damnjanovic et al., 2002) . obtained the same result.
In accordance to the findings of Dharme Gowda (1977) and Iqubal et al. (1995) the analysis of variance of combining ability for plant height in the F 1 generation showed significant additive and non-additive gene effect, with prevailing influences additive effect (Damnjanovic et al., 2002) . Nonadditive gene action was predominant in the F 1 for plant height, while additive gene action was important for number of branches per plant . Abd El-Hadi et al. (2004) reported that the calculated values of general combining ability (σ 2 g ) and specific combining ability (σ 2 s ) variances were translated to genetic variance components such as additive genetic variance including dominance (σ 2 D ) and the results of plant height and branch number / plant.
For both traits, gene distribution among parents was asymmetrical and Fr was positive and highly significant. Therefore, most of the expression of both traits (plant height and branch number / plant) was coming from dominant alleles, irrespective whether they were increasing or decreasing. Besides, the ratio of σ 2 s /σ 2 g was also greater than one for all the characters, thereby, indicating preponderance of non-additive variance for plant height and spread (Aswani and Khandelwal, 2005) . These results are in close conformity with Bhutani et al. (1980) and Singh et al. (1991) .
Heritability in narrow sense was low and moderate for plant height and branch number / plant, respectively. These results means that, both the traits were much affected by environments. Gill et al. (1976) found that high heritability for all studied characters except the number of branches per plant. In contrast, high heritability values were recorded for plant height and branches number per plant by Mehrotra and Dixit (1973) , Borikar et al. (1981) , Kalda et al. (1988) and Vadivel and Bapu (1989) .
Selection in advanced selfing generation for high number could be effective, since it had highly significant value of D component and that could improve the yield of eggplant through increasing number of branches / plant. The estimates of components of variance for combining ability, genetic components of variance and average degree of dominance for plant height and plant spread (Ahmed et al., 2003) . The results obtained that selection of parents to be included in hybridization program could also be judged on per se performance, besides, general combining ability effects.
Similar associations between these two parameters was also observed by Bhutani et al. (1980) and Singh and Hazarika (1982) . The estimates of variances showed high general combining ability (GCA) and specific combining ability (SCA) effects for plant height, indicating additive × additive gene action (Chezhian et al., 2000) .
Branch number / plant in eggplant was considered one of the yield components (Singh et al., 2002) . Concerning selection effect Bhutani et al. (1980) and Singh and Hazarika (1982) reported that the results obtained that selection of parents to be included in hybridization program could also be judged on per se performance, besides, general combining ability effects. Similar associations between these two parameters were also observed by Bhutani et al. (1980) .
Early yield traits
The additive component (D) for early fruit number, weight of fruit and early yield was highly significant. It was less than H 1 and H 2 for weight of fruit and early yield after removing P 4 ( Table 3 , Col. 4), and higher than H 2 for early fruit number and higher than H 1 for early yield (Table 3, Col. 3), indicating the role of dominance and additive genetic components in the inheritance of these traits. Moreover, early yield traits, according to the degree of dominance, were under over-dominance (1.23, 1.68, and 1.52), except early yield/plant (Table 3 , Col. 3) was partial dominance (0.78). Hani et al. (1977) observed non-additive effects pre-dominated for early yield.
For these traits, gene distribution among parents was asymmetrical and Fr was positive and highly significant, except weight of fruit which was insignificant. Therefore, most of the expressions of these traits (early yield and its components) were coming from dominant alleles, irrespective whether they were increasing or decreasing. Similar results on tomato early yield traits were also observed by Ismail (1997) .
Heritability in narrow sense was low and moderate for early yield traits. These results means that, these traits were much affected by environments. The analysis of variance revealed that both gca and sca variances were significant for fruits / plant, fruit weight, and fruit yield. Variance due to sca alone was significant for fruit yield. This indicates the importance of both additive and non-additive gene effects for early yield traits (Padmanbham and Jagadish, 1996) . Peter and Singh (1974) reported that both gca and sca variances were significant for early yield and fruit yield / plant. Both gca and sca effects were significant for early yield and fruit yield / plant (Peter and Singh, 1974) , while both gca and sca variances were reported to be significant early yield and yield/ plant (Mital et al., 1976; and Vijay et al., 1978) .
Total yield traits
The additive component (D) for total yield and its components was highly significant. It was less than H 1 and H 2 for all traits, indicating the role of dominance in the inheritance of yield traits. Moreover, total fruit number and fruit weight / fruit, according to the degree of dominance, were under overdominance (1.36 and 1.74) and complete dominance (1.13) for total yield / plant.
For both traits, gene distribution among parents was asymmetrical and Fr was positive and highly significant for total fruit number and fruit weight / fruit. Therefore, most of the expression of both traits was coming from dominant alleles, irrespective whether they were increased or decreased. For total yield, gene distribution among parents was symmetrical (0.25), at equal gene distribution = 0.25, and negative insignificant Fr, indicating that dominance and recessiveness are equal in both directions. So that total yield as a quantitative character, it has fulfilled its assumptions. But, Damnjanovic et al. (2002) showed that, the value of Fr was negative in the expression of fruit number per plant, indicating the recessive alleles prevailed over the dominant ones.
Heritability in narrow sense was low and moderate for total yield traits. These results means that, these traits were much affective by environments. Baig and Patil (2002) revealed that gca and sca variances were highly significant for all the characters. Both gca and sca showed significant interaction with environments for all the traits. The significant gca × environment and sca × environment interaction indicated that the estimates of both additive and non-additive gene effects are prone to change with the environment. Similar results were also reported by Warade (1986) and Barbind (1990) . The ratio of additive variance to total genotypic variance revealed predominance of non-additive gene action for number of fruits / plant and fruit yield/ plant. The obtained values for the variance components showed that the additive component of variance was higher than the dominance component. This clearly suggested that the main part of the genetic variance concerning the mode of inheritance of fruit weight belonged to the additive component. The dominant and recessive alleles were not symmetrical in the parents as indicated by the ratio H 2 /4H 1 , which was lower than 0.25. The mean degree of dominance was lower than 1, indicating the partial dominance controlled the inheritance of fruit weight considering all crossing combinations in the F 1 generation (Damnjanovic et al., 2002) .
Conclusively, from the foregoing results of this study, it could be concluded that , t2 for early yield / plant was significant. The estimates of D, H 1, and H 2 were significant for plant height, branch number / plant, early fruit number, fruit weight / fruit in early yield, early yield / plant, total fruit number, fruit weight / fruit in total yield and total yield / plant
